fication of agrophage damage seems to be such an area in which this distinction is possible [6] . Unfortunately, there are very few studies discussing the above-mentioned problem. They are generally papers presenting scenarios concerning the occurrence of specific agrophage species in cases of an increase in air temperature and either lower or higher humidity [7] [8] .
In view of the fact that the progressing climate change may influence the economic importance of agrophages of agricultural crops, analyses were conducted to investigate the course of mean monthly air temperatures and precipitation totals in Poland recorded over a period of 44 years at five select locations, i.e Koszalin, Poznań, Warszawa, Wrocław, and Rzeszów, representing different local climates of Poland. According to the newest IPCC report [9] , the 11-years solar cycle contributes on average 10-15% only to the temperature signal, on the other hand temperatures have high influence on pest development and its occurrence intensity. Taking into consideration the course of vegetation in both spring and winter crops and the development of pests, meteorological data coming from standard weather stations of the Institute of Meteorology and Water Management [10] were divided in terms of seasons of the year.
The aim of the study was to analyze select meteorological parameters (air temperature and precipitation) associated most closely with the course of crop phenology, and to conduct a preliminary analysis of their effect on the level of damage potential of select economically important pests covered by nationwide monitoring of their harmfulness in Poland.
Methods

Analysis of Meteorological Data
An analysis was conducted for precipitation and air temperatures for select sites, i.e. Koszalin, Poznań, Warszawa, Wrocław, and Rzeszów ( Fig. 1 ).
Available data presented monthly precipitation totals and mean monthly air temperatures (statistical units). Taking into consideration the vegetation season for winter  crops, autumn periods in the years 1965-2008 were analyzed first, followed by winter, spring, and summer seasons  this time in 1966-2009 (a continuation of winter crop vegetation) . When dividing the year into seasons of the year the following principle was adopted to include 3 months to each season: autumn comprised October, November, and December; winter included January, February and March; spring was April, May, and June; while summer was July, August, and September.
Measures of data scattering were investigated, i.e. average levels of precipitation totals and mean air temperatures, as well as the ranges of variation (minimum and maximum), the coefficient of variation [11] , standard deviation for 44 years of each season, treating all the selected sites jointly (mean monthly precipitation totals for 44 years × 5 cities separately for each season of the year). The aim of this analysis was to confirm in which season of the year the analyzed meteorological data exhibited the greatest variation over the period of 44 years.
In order to verify whether over the 44 analyzed years changes occurred for the select meteorological parameters and how trends for these changes affect the intensification of damages of the select agrophages it was decided to divide the 44 years into four shorter periods. In view of the extensive discussion in literature on the effect of the 11-year solar cycle on temperature and other weather parameters on Earth [12] [13] [14] [15] [16] [17] [18] , such a period was considered in further analyses.
The above-mentioned measures of scatter were investigated for the analyzed meteorological data, treating the selected cities jointly and separately for each of the four cycles (I, II, III, IV) within each season of the year (11 years × 5 cities for each of the 4 cycles, in each of the four seasons).
In Poland every year the Plant Protection and Seed Health Inspection Service in collaboration with the Institute of Plant Protection -National Research Institute provide detailed field observations in order to get the information about phytosanitary state of agricultural plants. Damages caused by pests are evaluated on the base of field observations at the end of the vegetation season.
Intensity of pest damages are presented in the form of national means of the percentages of damaged plants, culms, ears, siliques, and flower buds, depending on the specific character of damage potential for a given agrophage, separately for each of the four solar cycles. Agrophages of high economic importance, monitored in Poland for 3 to 4 11-year periods, were selected for analyses. The mean values for the intensity of pest damage potential on the national scale for each of the 4 solar cycles were ascribed to mean precipitation levels or mean air temperatures calculated for the five selected cities, but separately for each of the four solar cycles and a specific seasons. In these comparisons such a season was considered, which in view of biology of a given agrophage influences its population size or the intensity of disease symptoms, and thus the level of damage potential. Walczak F., et al. The obtained results were statistically evaluated. A twoway analysis of variance (ANOVA) was performed to verify the hypothesis of lack of effects of locations and cycles and hypothesis about a lack of locations × cycles interaction on the variability of precipitation and air temperatures. Data analysis was performed using the statistical package GenStat, 15 th edition.
Results
Analysis of variance indicated that the main effects of locations (Koszalin, Poznań, Warszawa, Wrocław, and Rzeszów) and cycles (I, II, III, and IV) as well as locations × cycles interaction were significant for precipitation and air temperatures (P<0.001). Results of calculations concerning descriptive statistics for precipitation totals and mean temperatures in each of the four seasons over a period of 44 years, i.e. autumn in the period of 1965-2008 and analogously winter, spring, and summer in the period of 1966-2009 for the five selected cities treated jointly, are presented in Table 1 .
Statistical analyses of the investigated meteorological data focused mainly on comparisons of values of the coefficients of variations and mean values (Table 1) .
When evaluating the recorded values separately for each season it was found that in the case of precipitation the greatest value of the coefficient of variation was recorded in autumn [6] , while in the case of air temperature it was in winter, and to a considerable degree also in autumn in comparison to the value of the coefficient recorded for spring and summer (Table 1) .
There is a significant correlation between solar cycle precipitation and air temperature (P<0.001), but this alone does not proove a causal relationship. Next we investigated in which of the four solar cycles in each of the seasons was the value of the coefficient of variation for precipitation and air temperature highest. Moreover, mean values of precipitation and air temperature were compared in order to verify whether changes had occurred and whether they concerned the last analyzed cycle (i.e. cycle IV) (Tables 2 and 3 ).
The highest coefficient of variation for precipitation was recorded for autumn in the 1 st solar cycle, amounting to 52.1% (1966-76), while it was lowest for spring in the 2 nd cycle, i.e. 29. 2% (1977-87) .
In autumn the highest values both for precipitation totals and the coefficient of variation were calculated for the 1 st cycle (1965-75), while the lowest precipitation total was found for the 3 rd cycle (1987-97). In the case of win- ter the highest value of the coefficient of variation was recorded for the 3 rd cycle (1988-98), while the highest precipitation total was found in cycle IV (1999-2009), whereas it was lowest in cycle II (1977-87). In turn, for spring the highest value was found in cycle III (1988-98), in which precipitation total was the lowest, while the highest value was found in cycle I (1966-78). In summer the highest values of precipitation total and the coefficient of variation were recorded in the 2 nd cycle (1977-87), while on average the lowest precipitation total was found in the 1 st cycle (1966-76) ( Table 2) .
In summary, only in winter did precipitation reach the highest mean value in the 4 th cycle. In the other seasons in cycle IV precipitation was always greater in comparison to cycle III, but lower in comparison with cycles I or II (Table 2 ).
In the case of the coefficient of variation for air temperature the highest negative value was recorded in winter in the 1 st solar cycle, i.e. In the case of autumn the highest value was found in the 4 th cycle, amounting to 42.6% (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , and at that time also mean temperature was highest (4.6ºC), whereas the lowest temperature was recorded in cycle I, being 3.9ºC (1966-76) and in cycle III with 3.9ºC (1988-99). For winter the coefficient of variation reached the highest value in cycle I (-2055.2% in 1966-76), while temperature reached the highest value in cycle III (1.5ºC in 1988-99). In spring the highest coefficient of variation was found in the 1st cycle (10.6% in 1966-76), while the highest temperature on average was observed, similarly as in autumn, in cycle IV (13.5ºC in the years 1999-2009). In summer the highest coefficient of variation was calculated for the 3 rd cycle (7.3% in 1988-98), whereas mean temperature, analogously to autumn and spring, was highest in the 4 th cycle (17.4ºC in 1999-2009) ( Table 3) .
Summing up, on average temperature decreased in winter only in the 4 th cycle, although similarly as in the 3rd cycle it was above zero (cycle III at +1.5ºC, cycle IV at +0.9ºC), while in autumn, spring, and summer in the 4 th cycle mean values of temperature were always highest in comparison to means in the other cycles (Table 3) .
Generally speaking, the 1 st solar cycle was rather cold (8.3ºC) and of average humidity (152.5 mm), the 2 nd cycle was cold (8.3ºC) and humid (188.1 mm), the 3 rd cycle warmer (8.6ºC) and dry (145.7 mm), and the 4 th analyzed solar cycle was the warmest (9.2ºC) and of average humidity (154.8 mm).
Pest Damages
Among the agrophages (Table 4) (Table 4) .
Spring and summer are important periods in the development of the European corn borer. The pest pupates in May and females lay eggs toward the end of June. The further development is dependent, to a considerable degree, on air temperatures in summer, particularly temperatures in July and August, which considerably influence the final damage caused by this pest (Fig. 2) . Different dependencies were analyzed in this study, but this one was definitely the most significant (P<0.001). An increase in temperature also results in the growing mean percentage of corn plants damaged by the European corn borer, observed in the successive solar cycles (Fig. 3) . In the case of the bird cherry aphid and the cereal aphid found on winter wheat, fruit fly on corn, and the Colorado leaf beetle on potato, the greatest damages were observed in the 3 rd solar cycle (Table 4) . Taking into consideration their biology, wintering is an important period in the development of pests. The population size of the wintering population is determined by weather conditions found in winter. Air temperatures above zero and considerable amounts of precipitation result in the wintering stages being infected to a greater rate by, e.g., fungal diseases. In the 4 th cycle winter was characterized both by greater precipitation than in the other cycles and average temperature of 0.9ºC, which did not promote pest overwintering, particularly in the case of the Colorado leaf beetle (Fig. 4) . The size of the Colorado leaf beetle wintering population and thus also its damages in the vegetation season decreased, which was promoted by precipitation in winter, particularly higher than in the other cycles. At precipitation ranging from 89 mm in the 2 nd cycle to 94.8 mm in the 3 rd cycle the percentage of plants damaged by the Colorado leaf beetle fell within a narrow range of 24.9-31.3. A considerable reduction of damages (to 16.7%) was observed when the mean precipitation level increased in the 4 th cycle to 116.4 mm (Fig. 4) .
Another group of agrophages comprised those for which greatest intensity of damages were observed in the 2 nd analyzed solar cycle, and next damages were gradually reduced in the successive solar cycles (Table 4 ). In the case of fungal diseases their lower intensity was a consequence of higher air temperatures and lower precipitation at the turn of spring and summer. For example, infestation rate with septoria leaf spot showed a significant dependence on mean temperature in June and July (Fig. 5 ) (P=0.021) as well as precipitation in June (Fig. 6) (P=0.033) .
We need to stress the fact that such a relationship was shown, although the available data comprised only mean ear infestation rates for the entire territory of Poland, while data on mean temperatures and precipitation were recorded in five cities. However, it needs to be stressed here that the locations were selected to represent different microclimates of Poland and it may be assumed that the obtained mean values were close to means for the entire country. It was shown that mean temperatures of June and July exceeding 17.5-18.0ºC clearly do not promote the development of this disease. Similarly, it is not promoted by low precipitation levels in June, as in both discussed cases the percentage of infested ears in winter wheat was below 15%. Moreover, in view of mean percentages of ears infected by septoria leaf spot in individual solar cycles (available data concerned only 3 cycles) it may be observed that the lower the damage potential, the higher the temperatures (Fig. 7) . In spring precipitation in the 4 th cycle in terms of its mean value (164.6 mm) was similar to that in the 3 rd cycle (162.3 mm), while air temperature in the 4 th cycle increased on average by as much as 1ºC, which did not promote the development of this disease. Good conditions for development of e.g. septaria leaf spot were found in spring in the 2 nd cycle (Tables 2 and 3) .
For pests of rape (e.g. as the Colorado leaf beetle), winter months are important in their development. Wet winters contribute to a limitation of the size in the overwintering population (cycles IV and III - Table 2 ), similar to high air temperatures in winter (cycles III and IV - Table 3 ). These are the conditions at which increased activity is observed for natural enemies attacking wintering pest stages, which results in the reduction of their population sizes. 3. In the 4 th cycle only in winter did temperatures on average decrease, but they were still above zero (from 1.5ºC to 0.9ºC), while in the other seasons they were higher than in cycles I, II, and III.
4. An increase in precipitation in winter months and higher values of mean air temperature in the 3 rd and 4 th cycles produced weather conditions contributing to a reduction of the population of wintering pest stages. 5. Stable precipitation and high temperatures in spring promoted the development of the European corn borer, while they did not promote the development of fungal diseases, e.g. septoria leaf spot. 
